Abstract. The environmental and resource constraints on economic growth are increasingly evident. China urgently needs to reshape its economic growth momentum. The increase in green total factor productivity is particularly necessary for the growth of the quantity and quality of the economy. This paper selects the provincial panel data of 30 provinces in China from 2001 to 2015, and establishes a panel exchangeable errors model to analyze the impact of eight indicators on green total factor productivity (GTFP) and verifies its effectiveness. Empirical analysis shows that inter-provincial government competition, environmental regulation, energy consumption, and capital stock have a significant impact on green total factor productivity. The influence of foreign direct investment, industrial structure, and industrialization level on the total factor productivity of green is not significant. Therefore, the government should adopt suitable, flexible and diverse environmental regulation policies, promote energy-saving emission reduction and technology innovations through policies such as taxes and subsidies, strengthen the linkage mechanism between industrial structure upgrading and energy efficiency, to increase green total factor productivity.
Literature review
Global economic development is increasingly constrained by prominent environmental and resource issues. It is not feasible to simply consider economic growth while ignoring the impact of resource and environment on the quality of economic growth. Experts and scholars in various countries have to introduce nontarget output when they study factor output. Other factors, such as environmental regulation, energy consumption, and energy efficiency, have led to the concept of "green total factor productivity" (GTFP) based on the original total factor productivity. Hu Xiaozhen [1] measures the impact of China's green Malmquist index, green technology efficiency, and green technology progress rate on the regional economic growth gap and its time evolution trend. Yin Baoqing [2] used the SBM model to measure the green total factor productivity of 27 manufacturing industries in China from 2002 to 2010 and examined industry differences in environmental regulation affecting total green factor productivity.Chen Chaofan [3] studied the influencing factors of industrial green total factor productivity through the SYS-GMM dynamic panel model. Li Bin [4] empirically tests the effects of fiscal decentralization, FDI, and their interaction items on green total factor productivity and decomposition items using the dynamic GMM method. Tan Zheng [5] used panel and dynamic space panel model method to compare and analyze the impact mechanism of green total factor productivity, green "soft technology" and green "hard technology".Liu Yongshi [6] uses the Malmquist index method of data envelopment analysis to consider the impact of industrial structure upgrading, energy efficiency, and their interactions on green total factor productivity.When researching green total factor productivity, domestic and foreign scholars usually target a particular industry or have too few analytical indicators. Therefore, the conclusions obtained are only applicable to the areas that they are based on and they have certain limitations when extrapolating. At present, there are few studies on the comprehensive mechanism of key indicators from the process of macroeconomic operations.
Significance of study
Figures and tables, as originals of good quality and well contrasted, are to be in their final form, ready for reproduction, pasted in the appropriate place in the text. Try to ensure that the size of the text in your figures is approximately the same size as the main text (10 point). Try to ensure that lines are no thinner than 0.25 point. The improvement of green total factor productivity under constraints of the environment and resources is an important indicator of a country's economic development quality, energy efficiency and technological innovation level. Under the guidance of a series of policies, the Chinese economy is changing from "extensive" to "intensive". China urgently needs to take supply-side structural reform as the main line and innovate to reshape the economic growth momentum. This is the core of green total factor productivity.
In the process of macroeconomic operations, environmental regulation, foreign investment, interprovincial government competition, industrial structure, etc. may affect a province's green total factor productivity. And provincial government's economic policies also affect the province's economic development model to a certain extent. Therefore, there is a big difference in the provincial total green factor productivity. This paper explores the key factors affecting GTFP and their impact mechanisms through the inter-provincial and time trends of various economic indicators, so as to provide suggestions for China's economic development on policy and factor utilization efficiency.
Empirical analysis

Variable selection
This paper selects the provincial panel data of Beijing, Tianjin, and a total of 30 provinces for analysis.In the empirical study of this paper, the data are from the China Statistical Yearbook 2001-2016, the China Industrial Economic Information Network, and the official website of the National Bureau of Statistics. Individual missing data are complemented by linear interpolation.
Explanation to Introduced variables
• Gtfp: Explained variables. This indicator represents Green Total Factor Productivity (GTFP) and Decomposition Items (GEC, GTP).
Since the green total factor productivity measured by the ML index and the decomposition item are the ring growth index, in order to obtain the corresponding absolute value,this paper assumes that the total green factor productivity in • Tax: This indicator is used to measure interprovincial government competition. This paper draws on the study of Liu Jie [7] and uses the proportion of provincial tax revenues in GDP as an indicator of local government competitiveness. The higher the level of government competition, the lower the tax revenue to GDP ratio should be.
• Environment: This indicator is environmental regulation. This article draws on the study of Li Shenglan [8] and Xu Pengjie [9] and the ratio of revenue from sewage charges to industrial added value in each province is used as a measure.
• Fdi: This indicator is foreign direct investment.
The foreign direct investment as a percentage of GDP is used as a measure of the degree of openness of the investment.
• Upgrade: This indicator is the industrial structure, measured by the ratio of the added value of the secondary industry to the added value of the tertiary industry.
• Store: This indicator is the capital stock of each province.
• Industry: The indicator is the level of industrialization, measured by the ratio of gross industrial output value to GDP above the scale.
• Energy: This indicator is the energy consumption of each province in each year. 
Descriptive statistics of variables:
Model selection and construction
This paper uses the "exchangeable errors model" to analyze the influence mechanism of each index on GTFP. is not a spherical disturbance term. (8) 
Conduct Hausman test
LM test for individual-specific effects
Breusch and Pagan Lagrangian multiplier test for random effects: 
Maximum likelihood estimation of random effects model
Results and analysis
Overall, inter-provincial government competition, environmental regulation, energy consumption, and capital stock have a significant impact on green total factor productivity. However, the influence of industrial structure and industrialization level on the total factor productivity of green is not significant. First, GTFP has obvious regional cluster characteristics in geographical distribution. GTFP in the southeastern coastal provinces remained at a relatively high level, while some midwestern provinces exhibited lower GTFP levels. However, GTFP does not correspond to the level of economic development in the provinces. Provinces with lower GDP do not strictly exhibit lower GTFP.
Second, the government usually conducts interprovincial competition through taxation. What we are familiar with is to attract investment and build factories through taxation policies and tax breaks for new energy companies. The lower the ratio of tax revenue to GDP, the higher the degree of competition among interprovincial governments. Judging from the above empirical analysis results, the taxation policy makes a lot of sense.
Third, the degree of environmental regulation has a positive effect on the improvement of green total factor productivity. The most important goal of the enterprise is undoubtedly the pursuit of profit maximization. The government's increased pollution restrictions on companies, especially industrial companies, will force companies to use emissions as an important indicator of their profits in the production process. Under the government's environmental regulations, enterprises will voluntarily reduce their pollution problems through increasing energy efficiency and technological innovation, which will increase the industry's green total factor productivity.
Fourth, capital stock has a significant positive effect on the improvement of green total factor productivity. Capital stock does not mean simply increasing factor input to increase output and promote economic growth. The most important significance of the capital stock is to support technological innovation, promote the adjustment and optimization of industrial structure, and increase the efficiency of factor utilization. On the other hand, the capital stock provides the basis for promoting supply-side structural reforms and innovations for economic growth.
Fifth, the level of industrialization and industrial structure have no significant effect on green total factor productivity, and the direction of influence is not fixed. Both the "U-shaped curve" and the "Environment Kuznets Curve" can confirm this conclusion from the side. There is no strict direction correspondence between the level of economic development and green total factor productivity.
Conclusions and suggestions
Based on the geographical cluster characteristics of GTFP, government can select pilot provinces in the course of economic policy control, and use the demonstration effect to drive neighboring provinces to jointly increase green total factor productivity so as to achieve regional expansion (spillover effect) of energy efficiency and technological innovation.
The development of environmental regulations as a powerful policy means to increase green total factor productivity must be strictly implemented. The government should adopt flexible, flexible and diverse environmental regulation policies and fully exert the positive effects of GTFP on the synergies with vertical specialization. Pay attention to the role of environmental regulation in promoting technological innovation and improving energy efficiency so that the economy can achieve quality growth. At the same time, the central government is suggested to give greater weight to the "green economy" indicator for the evaluation of the performance of local officials.
The government should formulate a specific path for optimizing and upgrading the industrial structure based on the capital stock and energy consumption. Through taxation subsidies and other policies to promote energy saving and emission reduction technology, strengthen the linkage mechanism of industrial structure upgrading and energy efficiency, and enhance the green total factor productivity.
Future research
In the subsequent studies, the regional linkage of energy efficiency and technological innovation will be included in the measurement indicators, and the effectiveness evaluation system of relevant policies on GTFP will be studied.
